Abstract-In this work a Surface Acoustic Wave (SAW) gas sensor based on a 64° YX LiNbO 3 substrate has been developed. The sensitive layer consists of electropolymerized polyaniline nanofibers. Device was tested towards hydrogen gas.
INTRODUCTION
An organic polymer generally termed an "intrinsically conductive polymer" (ICP). An ICP commonly possesses electrical, magnetic and optical properties of metals. ICPs continue to find market niches as they emerge from the research laboratory [1] . The key attraction of conducting polymers such as polyaniline, polythiophene, polypyrrole, and polyacetylene is their robustness and ease of processing. Devices incorporating conducting polymers own a balance of conductivity, processability, and stability. Researchers have been able to increasingly optimize these three properties simultaneously, although work is still on to improve the operating lifetimes of the materials [2] [3] .
For a polymer to be conducting it has to alternate single and double bonds along the backbone of the polymer, which is called "conjugation," and the resultant polymer is described as "conjugated." The π bonds thus give the conjugated polymer the properties of a semiconductor.
Polyaniline is one the most attractive of ICPs. In 1910-1912 polyaniline was described as existing in four different oxidation state. The study of the effect of acids on the conductivity of the oxidation state of polyaniline was the incentive for the recent attention to the polymer. Polyaniline can exist in a range of oxidation states. The one that can be doped to a highly conducting state is called "emeraldine". It consists of amine (-NH-) and imine (=N-) sites in equal proportions. The most common methods for its polymerization are chemical or electrochemical processes.
Electropolymerization of polyaniline is generally conducted in a highly acidic solution using aniline monomer. Aniline monomer is soluble in water under acidic conditions. The reaction sequence can be found in many references [3] [4] [5] [6] [7] [8] . Constant potential and potentiodynamic techniques are generally used for deposition. The polymerization cell and parameters are of importance. A large range of monomers has been studied. However, many of them forming polymers with properties different from those of polyaniline.
It is possible to synthesize arrays of uniform and well oriented polyaniline nanofibers by electropolymerization. In the latter procedure, deposition can be conducted using supporting porous templates to confine the polymer or with controlled nucleation and growth using a step-wise deposition [24] . In the first step of the template free polymer growth, a high current density is used to generate the necessary nucleation centers on the substrate surface. After the completion of first step, voltage is reduced to allow polymer to grow from the nucleation site.
By changing the doping level, the conductivity of polyaniline can be tuned for specific applications such as sensors, actuators, rechargeable battery electrodes, anticorrosion coatings, gas-separation membranes, display devices and field effect transistors [4] [5] [6] [7] [8] [9] [10] [11] .
Depending on the extent of the redox reaction polyaniline can exist in a range of oxidation states: fully reduced leucoemeraldine, half oxidized emeraldine, and fully oxidized pernigraniline. Polyaniline in the emeraldine oxidation state can be reversibly switched between electrically insulating and conducting forms. The imine sites are protonated in preference to achieve an intermediate bipolaron form which further undergoes a dissociation to form delocalized polaron lattice. A polaron can be considered a type of electronic defect that occurs within the π orbitals of the polymer backbone and is the charge carrier responsible for the high conductivity of doped polyaniline. By controlling the pH of the dopant acid solution any desired quantity of dopants can be added until all imine nitrogens are doped. Dopants can be removed by a reversible reaction with any common base such as ammonium hydroxide [4] [5] [6] [7] [8] [9] [10] [11] . In this work, a surface acoustic wave (SAW) device is employed as the transducer. In a SAW device, the change in electrical conductivity of the sensing layer perturbs the velocity of the propagating acoustic wave by causing a change in the mechanical filed of the piezoelectric media. The variation in velocity can be monitored by measuring the changes in resonant frequency of the SAW device placed in a closed loop circuit. This change in frequency is proportional to the concentration of analyte present in the environment.
The polyaniline sensitive layer is used in nanofiber form. Nano-structured thin films are more efficient than conventional thin films for sensing applications as: (1) they increase the surface to volume ratio (2) their whole volume can be depleted of charge (3) target gas can rapidly diffuse into the sensitive layer and (4) when using them generally no catalyst is needed. Polyaniline nanofibers, when used as a sensitive layer in gas sensors, can greatly improve carrier diffusion due to their high surface to volume ratio and rapid penetration of gas molecules
II. EXPERIMENTAL AND RESULTS
The electropolymerization technique has been employed to fabricate polyaniline nanofibers on the surface of a 64º YX LiNbO 3 substrate. Electro-deposition was conducted in an environment with 0.1M polyaniline monomer in 1 M HCl at room temperature. A voltage of 0.7 volts was applied for 45 minutes. A Scanning Electron Microscope (SEM) image of the deposited polyaniline nanofibers on the SAW substrate is shown in Fig. 1 . As can be seen, polyaniline starts growing as small seeds even on the LiNbO 3 surface were there is no eelectrodes. These seds then grow into nanofibres spearedoing on the surface. Then sticks of nanofibers start perpendiculary growing onto this background.
As grown polyaniline nanofibers with a 2µm thickness on the substrate, have average diameters of 30 nm and connected together like a nanofiber network. The XRD pattern of the electrodeposited layer is shown in Fig. 2 . As can be observed there is a broad peak at approximatley 22.5°. The sensor was placed in a multi-channel gas calibration system and exposed to H 2 gas. Dynamic response to a sequence of different H 2 gas concentrations in synthetic air is shown in Fig. 3 . The sensor response is defined as the relative variation in operating frequency of oscillation due to the interaction with target gas. Measured sensor response was approximately 6.2 kHz towards 0.125% of H 2 in synthetic air. A relatively fast response time of 8 sec and a recovery time of 120 sec with good repeatability were observed at room temperature. Fig. 4 shows the frequency shift vs H 2 concentrations. III. CONCLUSION We have fabricated SAW gas sensor based on polyaniline nanofibers synthesized by electrochemical polymerization. The sensor based on these PANI nanofibers has been investigated towards H 2 gas. The sensor showed a repeatable and large response towards H 2 gas. Due to room temperature operation, the gas sensor is promising for environmental and industrial applications.
